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Abstract
Microplastics (MP) refer to all plastic particles that are less than 5 mm in size.
Over the past decades, several studies have highlighted the impact of microplastics
(MP) on living organisms. In addition to being pollutants themselves, these syn-
thetic polymers also act as vectors for the transport of various types of chemicals in
natural ecosystems. MP has been ubiquitously detected in a wide range of shapes,
polymers, sizes and concentrations in marine water, freshwater, agroecosystems,
atmospheric, food and water environments. Drinking water, biota, and other
remote places. According to the World Bank, over 80% of the world’s marine litter
is plastic and the concentration of litter on Caribbean beaches is often high, with a
high presence of single-use plastics and food containers. In its work, the World
Health Organization (WHO) suggests an in-depth assessment of microplastics pre-
sent in the environment and their potential consequences on human health, follow-
ing the publication of an analysis of the state of research on microplastics in
drinking water. It also calls for reducing plastic pollution to protect the environ-
ment and reduce human exposure. In Haiti, the bay of Port-au-Prince is the natural
receptacle of all the urban effluents generated by human activities in the Metropol-
itan Zone. This urban wastewater carries household waste, sludge from pit latrines
and sewage, industrial wastewater which largely contributes to the pollution of the
bay. Furthermore, 1,673,750 tonnes per year of household waste, including 93,730
tonnes of plastic waste, are not collected. What are the environmental dangers
represented by the MP contained in those wastes for living organisms in exposed
tropical ecosystems? The purpose of this paper is: (i) to do a bibliographical review
of the physical and chemical properties, as well as the toxicological profile of MP,
(ii) to identify the environmental hazards associated with MP contained in urban
waste in the metropolitan area of Port-au-Prince.
Keywords: microplastics, wastes, physical and chemical characteristics,
natural ecosystems, fate, environmental hazards
1. Introduction
Synthetic polymers appeared at the end of the nineteenth century around the
1860s, but it was not until afterWorldWar II that the “rise of plastics” really began [1].
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Plastic has become one of the most ubiquitous materials since its inception as a
phenol-formaldehyde resin (i.e., bakelite) [2]. Basically, plastic was designed to
improve the conditions of human life, but today it is becoming a real environmental
concern [1].
Nowadays, plastic is ubiquitous in all environmental compartments (air, water,
and soil) [3]. Simonneau et al., [4] report that rain and snow contain a significant
number of MP, invisible to the naked eye and less than 5 mm in size. The presence
of MP in soil ecosystems has been detected [5, 6]. Scientific literature reports the
environmental occurrence of MP in surface waters [7], coastal sediments [8], beach
sands [9], freshwater sediments [10], and deep-sea environments [11]. Indeed, the
intensive exploitation of plastic associated with poor performance of waste man-
agement systems, including end-of-life collection and capture, have resulted in a
massive accumulation of plastic waste in the environment [12]. The release of
plastic materials into the environment is recognized as an important pollution
related issue [13–15].
The proliferation of MP in the environment causes serious pollution all over
the world [16]. According to their characteristics, namely, synthetic materials
with a high content of polymers, solid particles, less than 5 mm, insoluble in
water, and not degradable, they are easily introduced into the environment and
persist there due to their low solubility [17]. Food chains are subject to significant
pollution from the release of hydrophobic organic chemicals [18–22]. Being pre-
sent in different aquatic ecosystems (surface water, oceans, estuarine waters,
etc.), organisms are directly or indirectly exposed to microplatiscs [17]. Scientific
literature reports negative impacts of microplastics on benthic organisms [23, 24].
The toxic effects of these pollutants have been studied on the feeding habits,
growth and reproductive systems of several aquatic species [25–29]. Human
beings are therefore exposed through the consumption of seafood, fish and
crustaceans [30].
The purpose of this paper is: (i) to do a bibliographical review of the physical
and chemical properties, as well as the toxicological profile of MP, (ii) to identify
the environmental hazards associated with MP contained in urban waste in the
metropolitan area of Port-au-Prince.
2. Methodology
Scientific and technical information from several world-wide documentation
databases was used. Academic social networks, scientific databases such as Google
Scholar, PubMed, academia.edu, researchgate.net, academic presses (springer.com,
sciendirect.com, Wiley Online Library, ACS Publications, etc.) were consulted in
this way as electronic data available on the sites of certain research universities. The
search equations launched on the various sites consulted were implemented from
the crossing of the following keywords: “Microplastics”, “Microplastics (and) defi-
nition”, “Microplastics (and) plastics”, “Microplastics (and) thermodynamics”,
“Microplastics (and) Epidemiology”, “Microplastics (and) physical and chemical
properties”, “Toxicological profile of microplastics”, “Microplastics (and) Human
health effects” , “Microplastics (and) Environment” , “Microplastics (and)) parti-
tion coefficient” , “Microplastics (and) Haiti”, “Haiti (and) solid waste” , “Fate and
Microplastics” , “Microplastics (and) Ocean” , etc.
The results obtained have been the subject of a critical examination. Each article
read, referred the authors of this study for the reading of another article cited in the
list of his references. We considered articles that were published from 2005 to 2021.
The number of times cited (citations analysis).
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3. Definition, composition, and physical and chemical characteristics of
plastics
The term plastic refers to “a material which contains as an essential ingredient a
high polymer and which, at some stage of its transformation into finished products,
can be shaped by flow,” [31]. However, elastomeric materials (also shaped by flow)
are generally not considered plastics [32, 33].
Plastics are mainly produced from non-renewable substances, extracted from
petroleum and natural gas [1, 34, 35], or renewable like sugar cane, starch, or
vegetable oil or even of mineral origin like salt [36]. The evolution of plastic,
correlated with its major strengths, makes it a substitute material, to the detriment
of metals, for example [37]. Thus, the increase in plastic, and its multiple applica-
tions, place it at the forefront of market share, ahead of traditional materials [38].
The International Organization for Standardization (ISO) [31] recommends the
use of the term “macromolecule” for individual molecules, the term “polymer”
being reserved for a substance consisting of macromolecules, further stipulating
that the term “high polymer” or more generally “polymer” denotes a product
consisting of molecules characterized by a large number of repeats of one or more
species of atoms or groups of atoms (constitutional units), linked in sufficient
quantity to lead to a set of properties which hardly vary with the addition or
elimination of a single or a small number of constituent motifs [31]. The denomi-
nation of “plastics” comes from the characteristic plasticity property of many poly-
mer materials which can be deformed at will under the effect of temperature (the
notion of temperature is relative here: certain plastics are deformable at room
temperature) [39]. Thus, most of the plastic materials placed on the market result
from complex formulation steps intended to give the macromolecules the desired
properties of use. Adjuvants such as stabilizers and additives will be used to limit
the degradation of the chains under the effect of heat, radiation, abrasion (antioxi-
dants, mineral fillers, etc.) and give them specific properties (plasticizers, dyes,
flame retardants, reinforcements ...) [39].
A main classification of plastics is based on the durability or non-durability of
their shapes, or whether they are thermosets or thermoplastics [40]. According to
Plastics Europe [36], plastics can be classified into various types. A typology of
plastic as well as their applications and benefits are published on the website of this
institution, which is an association of plastic manufacturers in Europe (Table 1).
3.1 Microplastics
Jiang et al. [40] note that the degradation of plastic waste generates microplastic
(MP) or nanoplastic particles (NP); this division is based on the diameter of the
plastic fragments or particles, MP being less than 5 mm in diameter and NP being 1
to 100 or 1000 nm in diameter [40]. The scientific literature on the diameter of
plastic particles provides several information and divisions of microplastics. Arthur
et al. [41] report when it was reported in 2004, the term microplastics was used to
describe fragments of plastic approximately 20 μm in diameter. However, while
these early reports referred to truly microscopic particles, they did not provide a
specific definition of microplastic. In 2008, the United States National
Oceanographic and Atmospheric Agency (NOAA) hosted the first International
Microplastics Workshop in Washington and, as part of that meeting, formulated
a broader working definition to include all particles. Less than 5 mm in
diameter [41]. Other authors consider that particles>5 mm are macroplastics,
mesoplastics 5 to>1 mm, microplastics 1 mm to>0.1 μm and nanoplastics as
0.1 μm [5].
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Bio-based plastics are made in whole or partially from renewable biological resources. For
example, sugar cane is processed to produce ethylene, which can then be used to manufacture




Biodegradable plastics are plastics degraded by microorganisms into water, carbon dioxide
(or methane) and biomass under specified conditions. To guide consumers in their decision-
making and give them confidence in a plastic’s biodegradability, universal standards have




Engineering plastics exhibit higher performance than standard materials, making them ideal
for tough engineering applications. They have gradually replaced traditional engineering
materials such as wood or metal in many applications because, not only do they equal or surpass
them in their weight/strength ratio and other properties, but they are also much easier to
manufacture, especially in complicated shapes.
Epoxy resins Epoxy resins have been around for more than 50 years and are one of the most successful of the
plastics families. Their physical state can be changed from a low viscosity liquid to a high
melting point solid, which means that a wide range of materials with unique properties can be
made. In the home, you’ll find them in soft-drinks cans and special packaging, where they are
used as a lining to protect the contents and to keep the flavor in. They are also used as a
protective coating on everything from beds, garden chairs, office and hospital furniture, to
supermarket trolleys and bicycles. They are also used in special paints to protect the surfaces of
ships, oil rigs and wind turbines from bad weather.
Expanded
polystyrene
Expanded polystyrene, or EPS, is widely used commodity polymer. It has been a material of
choice for more than 50 years because of its versatility, performance, and cost effectiveness. It is
widely used in many everyday applications, such as fish boxes, bicycle helmets and insulation
material.
Fluoropolymers Fluoropolymers are renowned for their superior non-stick properties associated with their use as
a coating on cookware and as a soil and stain repellent for fabrics and textile products. They
also contribute to significant advancement in areas such as aerospace, electronics, automotive,
industrial processes (chemical and power sectors, including renewable energy), architecture,
food and pharma and medical applications. The most well-known member of Fluoropolymers
is PTFE (polytetrafluoroethylene).
Polyolefins Polyolefins are a family of polyethylene and polypropylene thermoplastics. They are produced
mainly from oil and natural gas by a process of polymerization of ethylene and propylene
respectively. Their versatility has made them one of the most popular plastics in use today.
Polystyrene Polystyrene is a synthetic polymer made from styrene monomer which is a liquid petrochemical.
It is a thermoplastic polymer which softens when heated and can be converted via semi-finished
products such as films and sheets, into a wide range of final articles.
Polyurethanes Polyurethane (PUR) is a resilient, flexible, and durable manufactured material. There are
various types of polyurethanes, which look and feel quite different from each other. They are
used in a broad range of products. In fact, we are surrounded by polyurethane-containing
products in every aspect of our everyday lives. While most people are not overly familiar with
polyurethanes because they are generally ‘hidden’ behind covers or surfaces made of other
materials, it would be hard to imagine life without them.
Polyvinyl
chloride
Polyvinyl chloride (PVC) was one of the first plastics discovered and is also one of the most
extensively used. It is derived from salt (57%) and oil or gas (43%). It is the world’s third-most
widely produced synthetic plastic polymer, after polyethylene and polypropylene. PVC comes in
two basic forms: rigid (sometimes abbreviated as RPVC) and flexible.
Thermoplastics Thermoplastics are defined as polymers that can be melted and recast almost indefinitely. They
are molten when heated and harden upon cooling. When frozen, however, a thermoplastic
becomes glass-like and subject to fracture. These characteristics, which lend the material its
name, are reversible, so the material can be reheated, reshaped, and frozen repeatedly. As a
result, thermoplastics are mechanically recyclable. Some of the most common types of
thermoplastic are polypropylene, polyethylene, polyvinylchloride, polystyrene,
polyethylenetheraphthalate and polycarbonate.
Table 1.
Type of plastics [plastic Europe – Online].
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Microplastics samples are usually sorted into different shapes according to
observed morphology. The Joint Group of Experts on the Scientific Aspects of
Marine Environmental Protection (GESAMP) [42] recommends five general cate-
gories of recommends, including fragment, foam, film, line, and pellet. Figure 1
presents the standardized size and color sorting system (SCS) for categorizing
microplastics [43]. It is recommended the original data in these finer subdivisions
with the recognition that subdivisions can be combined for ease of harmonizing and
comparing data [42].
Figure 1.
The standardized size and color sorting (SCS) system [43].
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According to Crawford et al. [43], the SCS system generates unique codes to
process microplastic abundance data, requiring an efficient categorization system.
Table 2 presents a categorization of plastic according to size, while the Table 3
gives the categorization of microplastics according to morphology.
There are many hundreds of different types of polymer andmixtures of polymer
in commercial production, but themarket is dominated by: polyethylene (as both
Category Abbreviation Size Size definition
Macroplastic MAP ≥25 mm Any piece of plastic equal to or larger than
25 mm in size along its longest dimension
Mesoplastic MEP <25 mm–5 mm Any piece of plastic less than 25 mm–5 mm in
size along its longest dimension
Plasticle PLT <5 mm All pieces of plastic less than 5 mm in size along
their longest dimension
Microplastic MP <5 mm–1 mm Any piece of plastic less than 5 mm–1 mm in size
along its longest dimension
Mini-microplastic MP <1 mm–1 μm Any piece of plastic less than 1 mm–1 μm in size
along its longest dimension
Nanoplastic NP <1 μm Any piece of plastic less than 1 μm in size along
its longest dimension
Table 2.
Categorization of pieces of plastic based on size [43].
Abbreviation Type Size Definition
PT Pellet <5 mm–1 mm A small spherical piece of plastic less than 5 mm to
1 mm in diameter
MBD Microbead <1 mm–1 μm A small spherical piece of plastic less than 1 mm to
1 μm in diameter
FR Fragment <5 mm–1 mm An irregular shaped piece of plastic less than 5 mm to
1 mm in size along its longest dimension
MFR Microfragment <1 mm–1 μm An irregular shaped piece of plastic less than 1 mm to
1 μm in size along its longest dimension
FB Fiber <5 mm–1 mm A strand or filament of plastic less than 5 mm to
1 mm in size along its longest dimension
MFB Microfibre <1 mm–1 μm A strand or filament of plastic less than 1 mm to 1 μm
in size along its longest dimension
FI Film <5 mm–1 mm A thin sheet or membrane-like piece of plastic less
than 5 mm to 1 mm in size along its longest
dimension
MFI Microfilm <1 mm–1 μm A thin sheet or membrane-like piece of plastic less
than 1 mm to 1 μm in size along its longest dimension
FM Foam <5 mm–1 mm A piece of sponge, foam, or foam-like plastic
material less than 5 mm to 1 mm in size along its
longest dimension
MFM Microfoam <1 mm–1 μm A piece of sponge, foam, or foam-like plastic
material less than 1 mm to 1 μm in size along its
longest dimension
Table 3.
Categorization of microplastics based on morphology [43].
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Polymers Abbreviation CAS # Molecular
formula
2D Structure
Polyethylene PE 9002-88-4 (C2H4)n
Polypropylene PP 9003-07-0 (C3H6)n




Polymethylmethacrylate PMMA 9011-14-7 [(CH2C(CH3)
(CO2CH3)]n
Polyetrafluoroethylene PTFE 9002-84-0 (CF2CF2)n
Polyamide (nylon) PA 63428–84-2 C23H26N2O4
Polyurethane PU 9009-54-5 C3H8N2O
Table 4.
Main polymers found in microplastics [32].
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high-density HDPE, and low-density LDPE), polypropylene (PP), polyvinyl chloride
(PVC), polyurethane (PUR), polystyrene (PS), and polyethylene terephthalate (PET).
These six polymersmake up about 80% of plastics production and are likely to form a
large proportion ofmost marine litter (GESAMP, 2019). Themost common human-
produced and petroleum-derived polymers found inmicroplastics are listed inTable 4.
According to Lambert, et al. [16], “Microplastic” is an umbrella term that covers
many particle shapes, sizes, and polymer types, and as such the physical and chemical
properties of environmental microplastics will differ from the primary microbeads
commonly used for ecotoxicity testing. In the Figure 2 is presented the physical and
chemical properties of MP, by concentrating particle size, particle shape, surface area
and crystallinity, as well as chemical composition, while considering the type of
polymer, additive compounds, and changes in surface properties) [16].
3.2 Legal and regulatory framework on MP
Microplastics are subdivided into two groups: primary microplastics and sec-
ondary microplastics [26]. The distinction between primary and secondary
microplastics is based on whether the particles were originally manufactured to be
that size (primary) or whether they have resulted from the breakdown of larger
items (secondary) [44]. It is a useful distinction because it can help to indicate
potential sources and identify mitigation measures to reduce their input to the
environment. Primary microplastics include industrial ‘scrubbers’ used to blast
clean surfaces, plastic powders used in molding, micro-beads in cosmetic formula-
tion, and plastic nanoparticles used in a variety of industrial processes [44, 45]. In
addition, spherical or cylindrical virgin resin pellets, typically around 5 mm in
diameter, are widely used during plastics manufacture and transport of the basic
resin ‘feedstock’ prior to production of plastic products. Secondary microplastics
result from the fragmentation and weathering of larger plastic items. This can
happen during the use phase of products such as textiles, paint, and tires, or once
the items have been released into the environment [44]. The rate of fragmentation
is controlled by several factors [46].
Figure 2.
Different microplastic physical and chemical properties to be considered in a prioritization framework [16].
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Plastics can be lost to the environment across their entire value chain [47],
which creates different opportunities (and challenges) to prevent leakage into
technical and natural systems [48]. In this context, it is useful to frame the separate
but interconnected issues of plastic pollution, which are nestled into one another
[47]. A list of microplastic sources entering the environment is presented in
Figure 3.
Some sources and pathways are interconnected (e.g., mechanical stress, plastic
waste, plasticulture) and some sources are stand-alone (e.g., primary microplastics
in products, targeted applications, or transportation losses), but collectively all
sources are part of the puzzle of how microplastic enters the environment.
Figure 3.
Environmental sources of pollution by microplastic [47].
Figure 4.
Sources of microplastics in natural ecosystems [50]: (a) different color and shaped microplastics collected from
seawater, shorelines, or marine sediments; (b) photomicrographs of the microplastics in facial cleansers; (c)
scanning electron microscopy image of microbeads found in cosmetics; and (d) scanning electron microscopy
image of a typical fiber from fabric [50].
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